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Abstract-

Chlordane, an organochlorine pesticide, was phased out in the United States from use on crops and landscaping in 1978 and as a termiticide for use in soil in 1988. Chlordane is persistent and highly toxic, having been measured in outdoor air, indoor air, and indoor dust decades after discontinuation of use. Vapor intrusion of chlordane is a likely source 
of higher indoor versus outdoor air concentrations. Remedial investigations of school sites undergoing renovation in California were performed. Chlordane (as technical chlordane) was found adjacent to the foundation of some school buildings as part of standard site characterization in soil concentrations as high as 0.14%. Step out sampling below the 
foundation of school buildings was performed where physically possible, usually associated with demolition or significant structural renovation to the buildings. Chlordane was, in individual cases found below a significant portion of some buildings and not just along the footings, suggesting application prior to construction. Concentrations in soil were 
highly variable but in individual samples were as high as 0.24%. Two buildings have been sampled thus far for chlordane in indoor air when removal of the impacted soils from below the foundation was not the first choice for remediation. Concentrations of chlordane (reported as technical chlordane) in indoor air have been measured as high as 0.14 
ug/m3 which is greater than the USEPA residential risk based screening levels (cancer endpoint) but similar to the commercial industrial screening levels (0.12 ug/m3). The site characterization for chlordane and the investigation of vapor intrusion will be presented as well as recent updates on risk assessment for chlordane in California.

Background and Methodology-

• Under the State of California’s education code, school districts planning to utilize state bond funds for school property acquisition or construction are required to conduct environmental reviews for hazardous materials for kindergarten through grade 12 school facilities. The investigation of pesticide contamination follows DTSC’s 2006 guidance:
“INTERIM GUIDANCE EVALUATION OF SCHOOL SITES WITH POTENTIAL SOIL CONTAMINATION AS A RESULT OF LEAD FROM LEAD-BASED PAINT, ORGANOCHLORINE PESTICIDES FROM TERMITICIDES, AND POLYCHLORINATED BIPHENYLS FROM ELECTRICAL TRANSFORMERS”. The guidance provides recommendations on sampling of buildings where
chlordane or other organochlorine pesticides were applied, focusing on structures to be demolished or already demolished and replaced with school buildings.

• In two recent examples of school modernizations, elevated chlordane was identified adjacent to and below concrete slab foundation buildings which were not planned for demolition. Indoor air was sampled and analyzed using USEPA method TO-10a to evaluate the risk from vapor intrusion. Samples were taken for 20-24 hrs with no mechanical
ventilation operating. Indoor air levels were compared to risk based screening levels. As an exploratory method to account for exposure to chlordane in indoor dust, ingestion exposure was estimated using the air to dust partitioning equations in Weschler and Nazaroff (2010) SVOC partitioning between the gas phase and settled dust. Atmospheric
Environment. 44(30) 3609-3620 and an adult indoor dust ingestion factor from the USEPA Exposure Factors Handbook .

• To gain additional understanding on whether vapor intrusion of organochlorine pesticides may currently still be an issue and the possible need for additions to DTSCs guidance, the literature on indoor levels of chlordane was examined to understand the ranges of concentrations which may be observed. An effort was begun to examine DTSC’s
Envirostor database for chlordane pesticide application sites which have been high enough to undergo cleanup to gain an understanding of how frequently highly elevated soil concentrations may be present for comparison with the levels found in the two school buildings described.

Conclusions: 

• Indoor air studies of homes suggest a limited number of structures in California are likely to be at risk of vapor intrusion of chlordane (and other OCPs) above screening levels.
• Presumably buildings with the highest potential for indoor levels exceeding screening criteria are associated with application of chlordane extensively below the foundation. Crawl 

spaces with bare soil or ventilation ducts in the foundation are known risk factors. 
• Identification of buildings with extensive chlordane concentrations in soil below the foundation cannot definitively be made solely based upon a small sample of external soil samples.

The exterior of school buildings are routinely sampled for organochlorine pesticides during school modernizations. Structures which will be left in place may warrant additional sampling. 

• Additional exterior samples based upon building size. Current guidance recommends only limited samples based upon building type (single family, multi-family, commercial).
• Sampling below the foundation of existing structures when exterior contamination is identified. 
• Requiring additional samples upon demolition/or renovation of the structure where sub-foundation samples were not collected in the first phase of sampling. 
• Supplementing soil sampling with indoor air sampling where sufficient below foundation samples are not possible, or widespread and highly elevated concentrations are observed.
• Exposure through ingestion and possibly dermal pathways may contribute to the VI risks for SVOCs. Wipe samples of commonly-contacted surfaces can be taken to refine the risks 

estimates using the DTSC recommended exposure parameters for PCB wipes samples in Human Health Risk Assessment Note 8.
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IA-01 0.011  <0.00083 0.001 0.00086 0.001

IA-02 <0.0042  <0.00083  <0.00083  <0.00083  <0.00083 

IA-03 <0.0042  <0.00083  <0.00083  <0.00083  <0.00083 

IA-04 0.016 0.0015 0.002  <0.00082  <0.00082 

IA-05 <0.0041  <0.00083  <0.00083  <0.00083 <0.00083

IA-06 0.0045 <0.00082 <0.00082 <0.00082  <0.00082 

IA-07 <0.0041 <0.00082 <0.00082 <0.00082  <0.00082 
1 C/I SL (Teacher) 0.12 0.0094 0.023

Cumulative Inhalation risk using maximum= 2.7E-07
1 C/I SL=Commercial/Industrial Screeening Level

mg/m3


